Samples of sourdoughs obtained from 13 artisanal bakeries located in the Molise and Campania regions were analysed. The sourdoughs were produced with the exclusive use of Triticum aestivum wheat flour. pH values of sourdoughs from Molise were generally lower than those from Campania. The number of yeasts in the samples of sourdoughs from Molise was generally higher than in those from Campania, which in two cases evidenced counts about 2 log cfu g 31 . By utilising and comparing traditional and biomolecular techniques of identification a complete picture of the isolates was obtained: 58 strains were identified as Saccharomyces cerevisiae, five as Candida colliculosa, four as C. lambica, three as C. krusei, three as C. valida and two as C. glabrata.
Introduction
In di¡erent regions of southern Italy the art of 'indirect' bread-making, at least within artisanal circles of production which make use of 'sourdough', is still alive and widespread. Today there are a great number of bakeries producing bread products by traditional means, which require long times for fermentation. The success of this 'indirect' traditional bread-making is largely due to consumers who appreciate these kinds of products thanks to their sensorial characteristics and longer shelf life.
From the microbiological point of view, the predominant micro£ora in the sourdoughs consists essentially of lactic acid bacteria and yeasts, as is widely documented in the literature [1^4] . These data, however, deal essentially with sourdoughs obtained from durum wheat. Corsetti et al. [5] studied 25 samples of sourdough (only one sample produced from Triticum aestivum without the use of baker's yeast) from the Apulia region, ascertaining that most of the yeasts isolated were ascribable to the species Saccharomyces cerevisiae (17 out of 19 isolates). The remaining two isolates were ascribable to the species Saccharomyces exiguus and Candida krusei. In contrast, the sourdoughs used in bread-making in the Campania and Molise regions consist almost exclusively of soft wheat £ours (T. aestivum) [6] .
In the present work, 75 yeasts were isolated from 13 samples of sourdoughs made from soft wheat £our (T. aestivum) drawn from artisanal bakeries located in the Molise and Campania regions.
Materials and methods

Sampling, pH evaluation and isolation of yeasts
Thirteen samples of sourdough used as starter in breadmaking from soft wheat £our were collected from di¡erent artisanal bakeries located in the Campania and Molise regions. All the samples were produced without the use of baker's yeast.
pH was determined by a spin electrode pH-meter (CRI-SON), in di¡erent parts of the samples.
Microbiological analyses were carried out by sterile placing a portion of dough (10 g) in 90 ml physiological sterile solution (9 g l 31 NaCl). Decimal dilutions were performed in the same diluent after homogenisation in a Stomacher 400 Lab Blender (PBI International, Milan, Italy) (1 min agitation, 1 min pause, 1 min agitation) and used for microbiological analyses.
Yeast counts were carried out on YPD (20 g l 31 peptone, 20 g l 31 dextrose, 10 g l 31 yeast extract, 20 g l 31 agar) supplemented with 0.5 g l 31 streptomycin after incubation at 28 ‡C for 72 h.
Phenotypic characterisation and identi¢cation
The identi¢cation of isolates was carried out on colonies chosen at random, but carefully selected depending on the di¡erent morphologies.
The yeast cultures were observed for colony shape and cell morphology and stored on YPD slants at 4 ‡C after incubation for 48 h at 28 ‡C.
Puri¢ed isolates were examined for spore formation on McClary's acetate agar [7] after growth on YPD plates for 48 h at 28 ‡C.
All the isolates were tested for growth at 15 and 37 ‡C on YPD.
The ability to produce H 2 S was tested on Biggy agar [8] ; resistance to NaCl was assayed in YPD medium with 5, 10 and 15% salt.
The identi¢cation system API 20 C AUX (BioMe ¤rieux, Marcy-l'Etoile, France) was used on all the isolates. The identity of isolates was con¢rmed according to Kurtzman and Fell [9] .
RAPD-PCR analysis
Isolates were grown in 5 ml of YPD medium (20 g l 31 bacteriological peptone, 20 g l 31 dextrose, 10 g l 31 yeast extract). The DNA was isolated by the method of Querol et al. [10] , except that the lytic enzyme from Rhizoctonia solani (Sigma, St. Louis, MO, USA) was used to digest the cell wall.
Type strains were obtained from the National collection of Yeast Cultures (Norwich, UK) and Centraalbureau voor Schimmelcultures (Baarn, The Netherlands).
Ampli¢cation reactions were performed in a 25-Wl reaction volume containing 10 Ampli¢cation products were separated by electrophoresis on 1.8% (w/v) agarose gel in 0.5UTBE bu¡er.
Random ampli¢cation of polymorphic DNA-polymerase chain reaction (RAPD-PCR) pro¢les were obtained directly using the digital camera ImageMaster VDS (Amersham Pharmacia Biotech, Milan, Italy) and analysed with the pattern analysis software package, Gel Compar Version 4.1 (Applied Maths, Kortrijk, Belgium).
Calculation of similarities in the pro¢les of bands was based on Pearson product^moment correlation coe⁄cient. Dendrograms were obtained by means of the unweighted pair group method using arithmetic average clustering algorithm [13] .
Results and discussion
Thirteen samples of sourdoughs produced from T. aestivum wheat £our and taken from artisanal bakeries lo- . These values were in agreement with those reported for other sourdoughs from wheat £our produced in other regions [5] .
The results of characterisation of 75 isolates (Table 2 ) allowed us to identify 58 strains as Saccharomyces cerevisiae, ¢ve as Candida colliculosa, four as C. lambica, three as C. krusei, three as C. valida and two as C. glabrata.
Sixty-nine isolates were able to grow at 15 ‡C and 37 ‡C. All isolates showed good resistance to NaCl: 5% concentration did not in£uence the growth of any strains, while 10% concentration hindered growth of only three strains of S. cerevisiae; 15% concentration inhibited growth of all strains tested.
RAPD-PCR (Fig. 1) con¢rmed the phenotypic identi¢-cation for the strains belonging to the species S. cerevisiae. The same results were obtained for Issatchenkia orientalis, Pichia membranifaciens and Torulaspora delbrueckii or the respective anamorphs C. krusei, C. valida and C. colliculosa. Only six strains were not ascribable to any type strain considered in the study. So, RAPD-PCR was con¢rmed to be useful for the identi¢cation of yeasts according to Tornai Lehoczki et al. [14] and Andrighetto et al. [15] . Moreover this technique made it possible to discriminate di¡erent strains of S. cerevisiae, the main species present in all samples of sourdoughs: it was possible to di¡erentiate three distinct subclusters having a similarity between 74 and 78% (Fig. 2 ). There were clear di¡erences with the S. cerevisiae type strain, but the similarity between the type strain and the strains isolated from sourdoughs was high (about 60%). Such heterogeneity between the isolates could have been in£uenced by di¡erent factors, such as the type of £our and the ingredients utilised, production technology and the particular environment where the various bakeries were located. The predominance of strains belonging to S. cerevisiae was predictable and desirable, considering their role in bread-making with particular reference to leavening and to the development of aroma compounds described in the literature [16, 17] . Few reports, however, deal with properties of strains belonging to Candida spp., which in some cases were found to be occasionally present in sourdough [18] , while in other cases they were the dominant species [19] . The presence of species such as T. delbrueckii (anamorph C. colliculosa), Pichia fermentans (anamorph C. lambica) and P. membranifaciens (anamorph C. valida) was an unexpected result: these species are considered typical of fermented foods such as sausages, cheeses and wine but not of baker's products [9] . It would be very interesting, therefore, to study the characteristics of technological interest of the strains belonging to the genus Candida, with the aim of detecting positive in£uences on the bread and of obtaining multiple strain starters for bakeries. PYG12  PYG14  PYC3  PYF7  PYE1  PYE2  PYE5  PYE4  PYC1  PYF10  PYG15  PYF6  PYG13  PYH16  PYI2  PYP1  PY46  PYA2  PYA3  PYA7  PY53  PY54  PY14  PY17  PY18  PY13  PY12  PY19  PYB3  PYH13  PYH17  PYI1  PY38  PY39  PY37  PY40  PY27  PY29  PY30  PY36  PY26  PY7  PY8  PY10  PY22  PY23  PY2  PY11  PY3  PY6  PY44  PY71  PY42  PYD4  PYD8  PYD3  PYS2  Saccharomyces cerevisiae T   100  90  80  70 
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